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METHOD AND SYSTEM COMPENSATION OF A 
CARRIER FREQUENCY OFFSET IN AN OFDM 

RECEIVER 

[0001] The present invention relates to processing 
orthogonal frequency division multiplexed (OFDM) signals. 
[0002] A Wireless LAN (WLAN) is a ?exible data com 
munications system implemented as an extension to, or as an 
alternative for, a Wired LAN Within a building or campus. 
Using electromagnetic Waves, WLAN s transmit and receive 
data over the air, minimiZing the need for Wired connections. 
Thus, WLANs combine data connectivity With user mobil 
ity, and, through simpli?ed con?guration, enable movable 
LANs. Some industries that have bene?ted from the pro 
ductivity gains of using portable terminals (e.g., notebook 
computers) to transmit and receive real-time information are 
the digital home networking, health care, retail, manufac 
turing, and Warehousing industries. 

[0003] Manufacturers of WLANs have a range of trans 
mission technologies to choose from When designing a 
WLAN. Some exemplary technologies are multicarrier sys 
tems, spread spectrum systems, narroWband systems, and 
infrared systems. Although each system has its oWn bene?ts 
and detriments, one particular type of multicarrier transmis 
sion system, orthogonal frequency division multiplexing 
(OFDM), has proven to be exceptionally useful for WLAN 
communications. 

[0004] OFDM is a robust technique for ef?ciently trans 
mitting data over a channel. The technique uses a plurality 
of sub-carrier frequencies (sub-carriers) Within a channel 
bandWidth to transmit data. These sub-carriers are arranged 
for optimal bandWidth efficiency compared to conventional 
frequency division multiplexing (FDM) Which can Waste 
portions of the channel bandWidth in order to separate and 
isolate the sub-carrier frequency spectra and thereby avoid 
inter-carrier interference (ICI). By contrast, although the 
frequency spectra of OFDM sub-carriers overlap signi? 
cantly Within the OFDM channel bandWidth, OFDM none 
theless alloWs resolution and recovery of the information 
that has been modulated onto each sub-carrier. 

[0005] The transmission of data through a channel via 
OFDM signals also provides several other advantages over 
more conventional transmission techniques. Some of these 
advantages are a tolerance to multipath delay spread and 
frequency selective fading, ef?cient spectrum usage, simpli 
?ed sub-channel equaliZation, and good interference prop 
erties. 

[0006] Although OFDM exhibits these advantages, con 
ventional implementations of OFDM also exhibit several 
dif?culties and practical limitations. One dif?culty is the 
issue of determining and correcting for carrier frequency 
offset, a major aspect of OFDM synchroniZation. Ideally, the 
receive carrier frequency, for, should exactly match the 
transmit carrier frequency, fct. If this condition is not met, 
hoWever, the mis-match contributes to a non-Zero carrier 
frequency offset, delta fc, in the received OFDM signal. 
OFDM signals are very susceptible to such carrier frequency 
offset Which causes a loss of orthogonality betWeen the 
OFDM sub-carriers and results in inter-carrier interference 
(ICI) and a severe increase in the bit error rate (BER) of the 
recovered data at the receiver. 

[0007] Many OFDM standards require the transmission of 
pilots (knoWn values) embedded in the user data. In con 
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ventional OFDM systems, it is common to average the 
pilots’ phase information to improve closed-loop carrier 
frequency offset tracking in a noisy environment. For 
example, the average of the pilots’ phases may be used to 
derive a carrier frequency offset estimation Which, in turn, 
may be used to adjust the phase rotations of an equaliZer’s 
taps such that the effects of the carrier frequency offset are 
reduced or removed. One draWback to this technique is that, 
in the presence of a time-varying channel, the phases of the 
pilots may vary independently. More speci?cally, all the 
pilots’ phases share a common phase rotation representative 
of the carrier frequency offset caused by the mis-match 
betWeen the transmitter carrier frequency and the receiver 
carrier frequency, as discussed above. HoWever, in the 
presence of a time varying channel, each pilot phase may 
also contain an independent phase rotation caused by the 
transmission channel varying With time. These independent 
pilot phase rotations can potentially result in a destructive 
averaging of the pilots’ phases Which, in turn, may corrupt 
the derivation of a carrier frequency offset estimation. A 
corrupted carrier frequency offset estimation may degrade 
the performance of any processing unit (e.g., an equaliZer) 
that uses the estimation to compensate for the actual carrier 
frequency offset. The present invention is directed to the 
correction of this problem. 

[0008] It is also possible that the frequency of the sam 
pling clock of the receiver Will differ slightly from the 
frequency of the sampling clock of the transmitter. If there 
is a frequency difference, the FFT Window positioning With 
respect to the received signal can gradually drift over time. 
The time domain drift Will result in a phase rotation of the 
received OFDM subcarriers in the frequency domain. The 
phase rotation may generate errors in the user data recovered 
by the OFDM receiver. The present invention is also 
directed to the correction of this problem. 

[0009] An Orthogonal Frequency Division Multiplexing 
(OFDM) receiver that employs N second-order phase-lock 
loops sharing a common integrator (Where N is the number 
of pilots in the system). The N second order phase-lock 
loops track out independent pilot phase rotations to facilitate 
the constructive averaging of the pilots’ phase information. 
At the same time, by sharing a common integrator, the 
OFDM receiver takes advantage of noise averaging over 
multiple pilots to obtain a cleaner frequency offset estima 
tion. The OFDM receiver may also compensate for FFT 
WindoW drift by calculating a phase difference betWeen a 
selected pair of pilots and tracking the rate of change of the 
calculated phase difference over time. The calculated phase 
difference is used to control the position of an upstream FFT 
WindoW after a predetermined phase difference threshold is 
exceeded. The tracked rate of change is used to continuously 
adjust the phase of doWnstream equaliZer taps. 

[0010] 

[0011] 
receiver; 

In the draWings: 

FIG. 1 is a block diagram of an exemplary OFDM 

[0012] FIG. 2 is a diagram illustrating the placement of a 
training sequence, user data, and pilot signals Within an 
OFDM symbol frame according to the present invention; 

[0013] FIG. 3 is a block diagram illustrating a carrier 
frequency offset compensation system for an OFDM 
receiver according to the present invention; 
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[0014] FIG. 4 is a block diagram illustrating the present 
invention as integrated With the exemplary OFDM receiver 
of FIG. 1; and 

[0015] FIGS. 5 and 6 are graphical representations of 
common, independent, and adjusted phase errors. 

[0016] The characteristics and advantages of the present 
invention Will become more apparent from the folloWing 
description, given by Way of example. 

[0017] Referring to FIG. 1, the ?rst element of a typical 
OFDM receiver 10 is an RF receiver 12. Many variations of 
RF receiver 12 exist and are Well knoWn in the art, but 
typically, RF receiver 12 includes an antenna 14, a loW noise 
ampli?er (LNA) 16, an RF bandpass ?lter 18, an automatic 
gain control (AGC) circuit 20, an RF mixer 22, an RF carrier 
frequency local oscillator 24, and an IF bandpass ?lter 26. 

[0018] Through antenna 14, RF receiver 12 couples in the 
RF OFDM-modulated carrier after it passes through the 
channel. Then, by mixing it With a receiver carrier of 
frequency fcr generated by RF local oscillator 24, RF 
receiver 12 doWnconverts the RF OFDM-modulated carrier 
to obtain a received IF OFDM signal. The frequency dif 
ference betWeen the receiver carrier and the transmitter 
carrier contributes to the carrier frequency offset, delta fc. 

[0019] This received IF OFDM signal is coupled to mixer 
28 and mixer 30 to be mixed With an in-phase IF signal and 
a 90° phase-shifted (quadrature) IF signal, respectively, to 
produce in-phase and quadrature OFDM signals, respec 
tively. 

[0020] The in-phase IF signal that feeds into mixer 28 is 
produced by an IF local oscillator 32. The 90° phase-shifted 
IF signal that feeds into mixer 30 is derived from the 
in-phase IF signal of IF local oscillator 32 by passing the 
in-phase IF signal through a 90° phase shifter 34 before 
providing it to mixer 30. 

[0021] The in-phase and quadrature OFDM signals then 
pass into analog-to-digital converters (ADCs) 36 and 38, 
respectively, Where they are digitiZed at a sampling rate fdLI 
as determined by a clock circuit 40. ADCs 36 and 38 
produce digital samples that form an in-phase and a quadra 
ture discrete-time OFDM signal, respectively. The differ 
ence betWeen the sampling rates of the receiver and that of 
the transmitter is the sampling rate offset, delta fck=fckir— 
fckit ' 

[0022] The un?ltered in-phase and quadrature discrete 
time OFDM signals from ADCs 36 and 38 then pass through 
digital loW-pass ?lters 42 and 44, respectively. The output of 
loWpass digital ?lters 42 and 44 are ?ltered in-phase and 
quadrature samples, respectively, of the received OFDM 
signal. In this Way, the received OFDM signal is converted 
into in-phase (qi) and quadrature samples that represent 
the real and imaginary-valued components, respectively, of 
the complex-valued OFDM signal, ri=qi+jpi. These in-phase 
and quadrature (real-valued and imaginary-valued) samples 
of the received OFDM signal are then delivered to FFT 46. 
Note that in some conventional implementations of receiver 
10, the analog-to-digital conversion is done before the IF 
mixing process. In such an implementation, the mixing 
process involves the use of digital mixers and a digital 
frequency synthesiZer. Also note that in many conventional 
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implementations of receiver 10, the digital-to-analog con 
version is performed after the ?ltering. 

[0023] FFT 46 performs the Fast Fourier Transform (FFT) 
of the received OFDM signal in order to recover the 
sequences of frequency-domain sub-symbols that Were used 
to modulate the sub-carriers during each OFDM symbol 
interval. FFT 46 then delivers these sequences of sub 
symbols to a decoder 48. 

[0024] Decoder 48 recovers the transmitted data bits from 
the sequences of frequency-domain sub-symbols that are 
delivered to it from FFT 46. This recovery is performed by 
decoding the frequency-domain sub-symbols to obtain a 
stream of data bits Which should ideally match the stream of 
data bits that Were fed into the OFOM transmitter. This 
decoding process can include soft Viterbi decoding and/or 
Reed-Solomon decoding, for example, to recover the data 
from the block and/or convolutionally encoded sub-sym 
bols. 

[0025] Turning to FIG. 2, an exemplary OFDM symbol 
frame 50 of the present invention is shoWn. Symbol frame 
50 includes a training sequence or symbol 52 containing 
knoWn transmission values for each subcarrier in the OFDM 
carrier, and a predetermined number of cyclic pre?x 54 and 
user data 56 pairs. For example, the proposed ETSI-BRAN 
HIPERLAN/2 (Europe) and IEEE 802.11a (USA) Wireless 
LAN standards, herein incorporated by reference, assign 64 
knoWn values or subsymbols (i.e., 52 non-Zero values and 12 
Zero values) to selected training symbols of a training 
sequence (e.g., “training symbol C” of the proposed ETSI 
standard and “long OFDM training symbol” of the proposed 
IEEE standard). User data 56 has a predetermined number of 
pilots 58, also containing knoWn transmission values, 
embedded on predetermined subcarriers. For example, the 
proposed ETSI and IEEE standards have four pilots located 
at bins or subcarriers :7 and :21. Although the present 
invention is described as operating in a receiver that con 
forms to the proposed ETSI-BRAN HIPERLAN/2 (Europe) 
and IEEE 802.11a (USA) Wireless LAN standards, it is 
considered Within the skill of one skilled in the art to 
implement the teachings of the present invention in other 
OFDM systems. 

[0026] Referring noW to FIG. 3, an exemplary embodi 
ment of the present invention is shoWn. Although the present 
invention is illustrated as being distinct from the elements of 
OFDM receiver of FIG. 1, one skilled in the art Will readily 
devise that the present invention may be integrated With the 
elements of the OFDM receiver, as shoWn in FIG. 4 and 
discussed beloW. HoWever, the present invention is illus 
trated as a distinct carrier frequency offset compensation 
system for clarity, ease of reference, and to facilitate an 
understanding of the present invention. 

[0027] Referring noW to FIG. 3, a carrier frequency offset 
compensation system 60 is shoWn. It should be noted that 
system 60 may be embodied in softWare, hardWare, or some 
combination thereof. System 60 includes a plurality of 
second-order phase-lock loops that share a common inte 
grator. As discussed beloW in further detail, the plurality of 
phase-lock loops enable the removal of independent pilot 
phase errors (i.e., phase rotations) caused by a time varying 
channel and, thereby, facilitates the constructive averaging 
of the pilots’ phase information for deriving a carrier fre 
quency offset estimate. It should be further noted that by 
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sharing a common integrator, noise averaging is advanta 
geously taken over multiple pilots to derive a cleaner carrier 
frequency offset estimate. 

[0028] More speci?cally, there are N second-order phase 
lock loops (PLLs) Where N represents the number of pilots 
processed by system 60. Each second-order PLL includes a 
derotator or complex multiplier 62, a phase error detector 
64, a proportional gain stage 66, a summer 74, a numerically 
controlled oscillator (NCO) 76, and a Sin/Cos look-up table 
78. The second-order PLLs also share an averaging unit 68, 
an integral gain stage 70 and an integrator 72 that are 
coupled betWeen phase detector 64 and summer 74 of each 
PLL. A Sin/Cos table 80 may be coupled to the output of 
integrator 72 and to an input of an equaliZer 82. Further 
more, a phase difference calculator 84, comparator 86 and 
PET WindoW offset corrector 88 arrangement may be 
coupled to the output of the NCOs 76 of the second order 
PLLs, as discussed in further detail beloW. 

[0029] In operation, each pilot 58 of a user data segment 
56 is processed by a separate PLL and is averaged With the 
other pilots 58 of a user data segment 56. More speci?cally, 
each derotator 62 multiplies a received pilot With a complex 
number (representing an independent phase error correction) 
to drive the independent phase error toWards Zero. 

[0030] Each derotator 62 passes the processed pilot to a 
phase error detector 64. 

[0031] Each phase error detector 64 derives a phase error 
of the pilot. One exemplary Way to derive phase error is by 
calculating the difference betWeen a knoWn ideal phase of 
the pilot and the actual phase of the received pilot. The use 
of other phase error derivation techniques, as knoWn by 
those skilled in the art, is considered Within the scope of the 
present invention. In each PLL, the phase error is passed to 
an associated proportional gain stage 66 as Well as to the 
shared averaging unit 68. Each proportional gain stage 66 
scales the received phase error (representing the independent 
phase rotation of the pilot) to a predetermined increment 
usable by the associated NCO 76 of each PLL. Averaging 
unit 68 averages the phase error values received for all the 
pilots in a given user data segment and passes the average 
error (representing the average phase rotation for all of the 
pilots in a given user segment) to integral gain stage 70. 
Integral gain stage 70 scales the average phase error to a 
predetermined increment usable by each NCO 76 as Well as 
by Sin/Cos lookup table 80, as discussed in further detail 
beloW. Integrator 72 integrates the scaled average phase 
errors received from integral gain stage 70 and outputs an 
integrated scaled phase error representing the common 
phase error for all the pilots over multiple user data seg 
ments. It should be noted a portion of the integrated scaled 
phase error Will be due to the independent phase rotations of 
the pilots until a certain lock condition is reached, as 
discussed beloW. 

[0032] The summer 74 of each PLL sums the independent 
phase error received from the associated proportional gain 
stage 66 and the common phase error received from inte 
grator 72. The resulting value represents the common phase 
rotation for all the pilots as adjusted by the independent pilot 
phase rotation caused by the time varying channel. Referring 
noW to FIGS. 5 and 6, graphical illustrations of common 
phase errors, independent phase errors, and adjusted phase 
errors are shoWn for tWo PLLs. 
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[0033] The adjusted phase error output from each summer 
74 is passed to an associated NCO 76 that accumulates 
received phase errors over time. Each lookup table 78 of a 
given PLL converts the output of an associated NCO 76 into 
a phasor. The phasor is passed back to the associated 
derotator 62 Which multiplies the next received pilot With 
the phasor to rotate the pilot such that the independent phase 
error is driven toWards Zero. 

[0034] In addition to the second-order phase-lock loops, a 
Sin/Cos table 80 is coupled to integrator 72 for converting, 
after a predetermined lock condition, the output of integrator 
72 into a carrier frequency-offset estimate used by equaliZer 
82 to adjust the phase rotation of the equaliZer taps. It should 
be noted that the carrier frequency-offset estimate may be 
passed to other processing units (not shoWn) for correction 
of the carrier frequency offset. One exemplary lock condi 
tion is When the output of integrator 72 falls Within a 
predetermined range over a predetermined period of time. 
Such an occurrence indicates that the PLLs have reached 
steady state and the independent phase errors have been 
removed. It should be noted that a single time-shared PLL 
may preferably be used instead of the plurality of PLLs 
shoWn in FIG. 3 to process the pilots and remove the 
independent phase errors from the pilots. 

[0035] As discussed above, the frequency of the sampling 
clock of the receiver may differ slightly from the frequency 
of the sampling clock of the transmitter. If there is a 
frequency difference, the EFT WindoW positioning With 
respect to the received signal can gradually drift over time. 
The EFT WindoW drift Will result in a phase rotation of the 
received OFDM subcarriers. The phase rotation may gen 
erate errors in the user data recovered by the OFDM 
receiver. The phase difference calculator 84, rate of phase 
difference estimator 86 and PET WindoW synch unit 88 
arrangement is directed to compensation and correction of 
the EFT WindoW offset. 

[0036] More speci?cally, phase difference calculator 84 
calculates the difference betWeen the values output from a 
given pair of NCOs 76. This difference is equal to the phase 
difference betWeen a given pair of pilot subcarriers in a user 
data segment. It should be noted that the NCO values Will 
roll over after reaching :pi. Therefore, phase difference 
calculator 84 tracks the number of times the value of each 
NCO 76 exceeds :pi to accurately calculate the phase 
difference betWeen the values output from a given pair of 
NCOs 76. The calculated phase difference is passed to rate 
of phase difference estimator 86 and PET WindoW synch unit 
88. EFT WindoW synch unit 88 compares the calculated 
phase difference to a threshold phase difference (e.g., a 
phase difference representative of an EFT WindoW offset of 
one sample) and controls the position of an upstream EFT 
WindoW (e.g., shifts the WindoW by a sample) if the calcu 
lated phase difference exceeds the threshold phase differ 
ence. In this manner, the EFT WindoW offset of an upstream 
EFT may be periodically corrected When the calculated 
phase difference exceeds a predetermined threshold phase 
difference. Estimator 86 tracks the rate of change of the 
calculated phase difference over multiple user data seg 
ments. Estimator 86 generates an equaliZer adjustment value 
that can be combined (e.g., via summer 74) With the output 
of integrator 72 such that the carrier-frequency offset output 
from Sin/Cos table 80 is compensated for the continuously 
changing phase difference betWeen the values output from a 
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given pair of NCOs 76. In this manner, the equalizer taps of 
a downstream equalizer can be continuously rotated to 
compensate for a gradually drifting FFT WindoW. 

[0037] Referring noW to FIG. 4, the present invention is 
integrated With the exemplary OFDM receiver of FIG. 1, as 
shoWn. More speci?cally, system 60 is coupled to the 
outputs of FFT 46 and to the inputs of a processing unit that 
compensates for a carrier frequency error (e.g., equaliZer 82 
of FIG. 3 and/or a front end frequency offset correction unit 
(not shoWn)). Furthermore, an output of system 60 is fed 
back to FFT 46. With this arrangement, system 60 extracts 
pilots from the OFDM samples received from FFT 46 and 
derives a frequency offset estimate free of the independent 
phase errors caused by a time varying channel. System 60 
also processes the extracted pilots to compensate (e.g., in 
equaliZer 82) and correct (e.g., in FFT 46) for FFT WindoW 
drift. 

1. A method for processing an Orthogonal Frequency 
Division Multiplexing (OFDM) signal in an OFDM 
receiver, the method comprising the steps of: 

receiving the OFDM signal; 

extracting a plurality of pilots from the received OFDM 
signal; 

processing (62-78) the plurality of extracted pilots to 
reduce independent phase errors, the independent phase 
errors representing independent pilot phase rotations 
caused by a time-varying channel; and 

deriving (80) a carrier frequency offset estimate from the 
plurality of processed pilots after the independent phase 
errors have been reduced to a predetermined value. 

2. The method of claim 1, further comprising the step of: 

correcting (82) for a carrier frequency offset using the 
carrier frequency offset estimate. 

3. The method of claim 1, Wherein the step of processing 
includes passing each pilot of the plurality of pilots through 
a distinct phase-lock loop (62-66, 74-78). 

4. The method of claim 1, Wherein the step of processing 
includes passing each pilot of the plurality of pilots through 
a time-shared phase-lock loop. 

5. The method of claim 1, Wherein the step of deriving a 
carrier frequency offset estimate includes the steps of: 

calculating (68, 70) a common phase error for the plural 
ity of pilots, the common phase error representative of 
an average pilot phase rotation caused by a carrier 
frequency offset; 

integrating (72) the common phase error to reduce the 
effects of noise; and 

deriving (80) the carrier frequency offset estimate from 
the integrated common phase error. 

6. The method of claim 1, Wherein the predetermined 
value is substantially Zero. 

7. The method of claim 1, Wherein the predetermined 
value is selected such that the derived carrier frequency 
offset estimate is substantially constant. 

8. The method of claim 1, further comprising the steps of: 

calculating (84) a phase difference betWeen a predeter 
mined pair of extracted pilots; 

Aug. 12, 2004 

comparing the calculated phase difference to a threshold 
value, the threshold value representative of a predeter 
mined FFT WindoW offset; and 

adjusting (88) an FFT WindoW of an upstream FFT 
module if the calculated phase difference exceeds the 
threshold value. 

9. The method of claim 8, Wherein the step of deriving a 
carrier frequency offset estimate further includes the steps 
of: 

tracking (86) the rate of change of the calculated phase 
difference; and 

adjusting (74) the derived carrier frequency offset esti 
mate to compensate for the tracked rate of change, the 
tracked rate of change being representative of a phase 
rotation due to an FFT WindoW offset. 

10. The method of claim 1, Wherein the OFDM receiver 
is implemented in one of a Wireless LAN adapter, a home 
netWorking terminal, a portable terminal, and a desktop 
terminal. 

11. A system for processing an Orthogonal Frequency 
Division Multiplexing (OFDM) signal, the system compris 
ing: 

a processing module (62-78) for receiving a plurality of 
pilots from an OFDM signal and for reducing an 
independent phase error of each pilot, the independent 
phase error representative of an independent pilot phase 
rotation caused by a time-varying channel; and 

a carrier frequency offset estimator module (80) coupled 
to the processing module, the carrier frequency offset 
estimator module deriving a carrier frequency offset 
estimate from the plurality of pilots after the indepen 
dent phase error of each pilot is reduced to a predeter 
mined value. 

12. The system of claim 11, Wherein the OFDM receiver 
is implemented in one of a Wireless LAN adapter, a home 
netWorking terminal, a portable terminal, and a desktop 
terminal. 

13. The system of claim 11, Wherein the predetermined 
value is substantially Zero. 

14. The system of claim 11, Wherein the predetermined 
value is selected such that the derived carrier frequency 
offset estimate is substantially constant. 

15. The system of claim 11, Wherein the processing 
module includes a plurality of phase-lock loops (62-66, 
74-78), each phase-lock loop being dedicated for a prede 
termined pilot Within a user data segment. 

16. The system of claim 11, Wherein the processing 
module includes a time-shared phase-lock loop clocked for 
processing all the pilots Within a user data segment. 

17. The system of claim 11, Wherein the carrier frequency 
offset estimator module includes: 

an averaging unit (68) for calculating a common phase 
error for the plurality of pilots, the common phase error 
representative of an average pilot phase rotation caused 
by a carrier frequency offset; and 

an integrator unit (72) for integrating the common phase 
error to reduce the effects of noise. 
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18. The system of claim 11, wherein the processing 
module further includes: 

a phase difference calculator (84) for calculating a phase 
difference betWeen tWo predetermined pilots Within a 
user data segment; and 

an FFT WindoW synch unit (88) for adjusting the posi 
tioning of an upstream FFT WindoW if the calculated 
phase difference eXceeds a predetermined value. 

19. The system of claim 18, Wherein the carrier frequency 
offset module further includes: 

a rate of phase difference estimator (86) coupled to the 
phase difference calculator (84) for tracking the change 
of the calculated phase difference over multiple user 
data segments, the estimator (86) compensating the 
derived carrier frequency offset for phase rotations due 
to a drifting FFT WindoW. 
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20. A system for processing an Orthogonal Frequency 
Division Multiplexing (OFDM) signal, the system compris 
ing: 
means for extracting a plurality of pilots from an OFDM 

signal; 
means for removing (62-78) independent phase errors 

from the extracted pilots, the independent phase errors 
representative of independent phase rotations caused 
by a time varying channel; 

means for processing (84, 88) the extracted pilots to 
compensate for an FFT WindoW drift; and 

means for deriving (80) a carrier frequency offset estimate 
from the plurality of pilots after the independent phase 
error of each pilot is reduced to a predetermined level 
and after compensation of the FFT WindoW drift. 

* * * * * 


